Abstract Based on a dataset of 16,991 and 307 morphospecies of polychaete worms collected from 58 epibenthic sledge deployments across the Scotia and Amundsen Seas, we show that the structures of their shelf, deep-shelf and slope communities are composed of distinct polychaete assemblages spanning regions with Bhigh^, Bintermediate^, and Blow^biodi-versity. Depth has been identified as the main factor structuring the polychaete communities in both seas, countering the prevalent notion of extended eurybathy of the Southern Ocean benthos. From an evolutionary perspective, this strong dissimilarity between shelf and slope fauna could be interpreted as evidence for survival in shelf refugias, rather than migration into deeper waters during glacial maxima. The previously unsampled Amundsen Sea is shown to be diverse, harbouring a high level of taxonomic novelty, with many species new to science. The polychaete community of the inner shelf in the Amundsen Sea (Pine Island Bay) has also been shown to be of deep-sea character, likely due to intrusion of the Circumpolar Deep Water onto the shelf. In the Scotia Sea, our data support the notion of relatively high biodiversity of waters around the South Orkney Islands, South Georgia, and Shag Rocks (all recently established as Marine Protected Areas) and depressed diversity in the extreme environment of Southern Thule.
Introduction
The deep Southern Ocean that surrounds the Antarctic continent is still largely an unexplored wilderness, where ocean expeditions routinely bring up samples in which the majority of species are new to science (e. g. Hilbig et al. 2006; Brandt et al. 2007a Brandt et al. , 2007b ). An important question is if the Southern Ocean is not just a source of such taxonomic novelty, but also a Bhotspot^of biodiversity of global significance that may be impacted by future anthropogenic stressors such as climate change and the development of fisheries. Based on a new and large dataset of annelid worms which we make publicly available, we show in this paper that the community structure of the shelf and deep-shelf west Antarctic is highly heterogeneous and composed of regions with Bhigh^, Bintermediate^, and Blow^biodiversity.
The remote and extreme environment of Antarctica and its surrounding Southern Ocean has attracted scientific exploration since the mid-nineteenth century, including early expeditions such as the HMS Challenger, RV Belgica, and RRS Discovery. It has historically been considered a species-poor environment, with diversity constrained by low temperatures, extreme seasonality of productivity, isolation by the Antarctic Circumpolar Current and the lack of enough Btime^since the last glaciation for speciation and radiation to occur (e.g. Dell 1965; Crame 2000) . Taxonomic and biogeographic studies have tended to reinforce this point noting for example the Communicated by J. Gutt
Electronic supplementary material The online version of this article (doi:10.1007/s12526-017-0735-y) contains supplementary material, which is available to authorized users. low diversity in decapod crustaceans (Clarke and Johnston 2003) , molluscs (Crame 2000) and similarities to deep-sea fauna (Lipps and Hickman 1982; Brey et al. 1996) . In terms of general macroecological theory, high latitude environments are considered depauperate relative to temperate and tropical regions. The prevalence of this pattern is not thought to be controversial, but the precise causes of it are subject to intense and long-running debate over the years (e.g. Rohde 1992) , and its prevalence in deep-water and applicability to Southern Ocean is certainly poorly constrained (e.g. Rex et al. 1993; Gray 2001) .
Quantitative comparisons of Antarctic marine biodiversity are still rare, and did not start until the mid 1960s with a study of molluscs that suggested that diversity was low, and the continent was undergoing a slow invasion of species from surrounding waters (Dell 1965 ). In the mid-1970s, a number of inshore quantitative studies took place in the Antarctic Peninsula region which reported, for the first time, relatively high numerical diversity (Shannon-Weiner index) based on grab sampling in Arthur Harbour and Chile Bay (Lowry 1975; Richardson and Hedgpeth 1977; Gallardo 1977) . During the 1980s and 1990s, both original data papers and review papers were generally equivocal on whether the Southern Ocean was a Bdiverse^community, with high diversity reported in some groups but not in others, and a general emerging trend of the significance of endemism (driven by isolation) and the role of disturbance (e.g. Dayton 1990; Clarke 1996) . Arntz et al. (1994) provided an overview of the knowledge existing at the time. Gray (2001) was certainly of an open mind as to whether the Antarctic marine benthos was diverse or not, and highlighted the many problems in the comparative method such as confusion of scales and inadequate data.
The mid-2000s saw a number of publications starting to emerge from the German EASIZ and ANDEEP programs including a large number of new species records, but the data were hard to compare globally (e.g. Hilbig 2004; Brandt 2005) . A quantitative comparison of the Magellan Shelf and the Weddell Shelf (Montiel et al. 2005) found that, surprisingly, diversity was broadly similar and that 28 of 334 species were shared across the Antarctic Circumpolar Current, based on morphological data. A meta-analysis of mollusc diversity showed that endemism is generally high in the Antarctic, but diversity reduced . However, some data have showed that Bcosmopolitan^deep-sea fauna are prevalent in the Antarctic shelf, challenging the concept of Antarctic endemism (Schüller and Ebbe 2007) . A summary of the large ANDEEP datasets (Brandt et al. 2007a (Brandt et al. , 2007b highlighted the prevalence of Bnew^biodiversity (i.e. the relative numbers of undescribed species) and stressed that degrees of endemism varied among taxa, but did not make direct global comparisons of Antarctic biodiversity. In global comparisons, Antarctic shelf diversity (of polychaetes) has been shown to be higher than Arctic sites, similar to general bathyal sites and lower than most abyssal sites but comparative data are rare (Neal et al. 2011) . Gutt et al. (2004) estimated that the total expected number of macrozoobenthic species for the entire Southern Ocean shelf lies between 11,000 and 17,000 suggesting Bintermediate^species richness when compared to other selected habitats.
The majority of Antarctic benthic community studies to date have stressed the importance of these two main macroecological patterns (endemism and diversity), against a backdrop of the unusual environmental variables associated with the Antarctic shelf and slope. These regions are extreme in terms of their temperature, degree of seasonality and isolation by the Antarctic Circumpolar Current. The Antarctic shelf is geographically vast and in general much deeper than other continental shelves, with an average depth of 450 m and a large number of shelf basins and troughs that are depressed to over 1000 m in places, partly due to ice-loading of the continent but predominantly as a result of past ice scouring occurring during previous glaciations (Huybrechts 2002) . The majority of the sea floor hence lies well below the euphotic zone and is subject to seasonality in terms of food input from surface production (Gutt and Piepenburg 2003; Smale and Barnes 2008; Glover et al. 2008) .
Studies of the Antarctic marine fauna have often focused on the role of these variables in driving adaptive strategies and shaping the present day fauna (see Clarke et al. 2004 ). For example, slow growth and development, an emphasis on brooding and lecithotrophic reproductive strategies (Thorson 1950; Pearse 1991) , a trend toward gigantism in invertebrates (Chapelle and Peck 1999; Peck 2002 ) and extended eurybathy (Brey et al. 1996) . The eurybathy in particular has been interpreted in ecological terms (e.g. constant physical properties of water column) or evolutionary terms as adaptation to migration into deeper-water during glacial maxima (e.g Kussakin 1973; Brey et al. 1996) . Glacial maxima are thought to be of particular importance in the shaping the benthic fauna of the Southern Ocean as grounded ice sheets extended over much of the continental shelf, destroying much of the available habitat and restricting fauna to isolated refugia (e.g. Thatje et al. 2005) .
Despite many decades of sampling, the role of these unusual environmental factors in shaping the diversity and endemism of Antarctic fauna is still poorly constrained. In particular, there is a lack of comparative data within the large expanse of the Antarctic continental shelf itself, where some vast regions remain unsampled Brandt et al. 2014) . The majority of Southern Ocean samples also come from less than 500 m in depth, even though 90% of the region is deeper than 1000 m (Griffiths 2010) . To address some of these gaps, the British Antarctic Survey led project BBiodiversity dynamics: phylogeography, evolution, and radiation of life (BIOPEARL)^organized two large biological research cruises aboard the RRS James Clark Ross to the Scotia Sea (BIOPEARL I -JR144) and the Amundsen Sea (BIOPEARL II -JR179) in the austral summer of 2006 and 2008 respectively. The collections from the Amundsen Sea and Pine Island Bay area on JR179 were the first benthic samples to be collected in this region.
Together, the BIOPEARL samples represent one of the largest single collections of benthic fauna in the Antarctic undertaken with comparative sampling methodologies, and in this study, we focus on results from the identification of the polychaetes, annelid worms that dominate Antarctic marine macrofauna (e.g. Gambi et al. 1997; Hilbig et al. 2007; Glover et al. 2008) . We compare patterns in polychaete assemblage composition and biodiversity across the Scotia and Amundsen Seas and evaluate the prevailing hypotheses of high endemism, extended eurybathy and biodiversity hotspots in Southern Ocean benthos. Finally, we make our raw data and vouchered samples available for future study (see supplementary information).
Study sites and methodology

Scotia Sea
The Scotia Sea (Fig. 1a) is bounded by the islands of the Scotia Arc to the northeast, the Weddell Sea to the south and the tip of the west Antarctic Peninsula to the west. It combines archipelagos, seamounts, and submerged banks separated by relatively young (30 Ma) deep seafloor (Barker 2001) . Islands and shelves of the Scotia Sea differ greatly in characteristics such as age, geological origin, size, remoteness, ascent and expanse of their shelves and position relative to Polar Front (see Table 1 for details, see Thomson 2004) . In terms of oceanography, the major current system that impacts the Scotia Sea shelves is the Antarctic Circumpolar Current (ACC) driven by westerly winds. The archipelagos of the Scotia Arc are thought to provide a link between South America and the Antarctic Peninsula and it has been considered a boundary for different biogeographical provinces (Dell 1972) .
During the Austral summer of 2006, the RRS James Clark Ross collected biological samples over extensive area Table 1 for details and descriptions of these sites).
Amundsen Sea
The Amundsen Sea (Fig. 1) forms the main sea of the western Antarctic, located between the Bellingshausen Sea and the Ross Sea. Because of its extreme isolation and almost perennial sea-ice cover, it is almost never sampled for marine benthic life, although it has recently become a focus of major geophysical interest with the proposition of rapid melting of the Pine Island Glacier that feeds into Pine Island Bay, the major embayment of the Amundsen Sea (e.g. Rignot and Jacobs 2002; Thomas et al. 2004; Jacobs et al. 2011; Smith et al. 2016) . Pine Island Glacier and the nearby Thwaites Glacier are two of the largest Antarctic glaciers and together with the ice sheets that feed into the Amundsen Sea are likely to have a dramatic influence on the local biology. The margins of Pine Island and Thwaites glaciers produce deep-keeled icebergs that can scour to depths of 500 m (Evans et al. 2006) , and over geological time the region has been subject to intense glaciation and deglaciation events. As a result of these dynamic past and present ice conditions, the inner shelf of Pine Island Bay is topographically complex -a mosaic of cavities, drainage channels, valleys, and furrows. Many of these depressions exceed 500 m depth, with some troughs extending beyond 1500 m in depth (Lowe and Anderson 2002) (Fig. 1d) . Toward the outer shelf the topography becomes smoother and the water depth shallower (350-450 m) . In terms of water masses, the central Amundsen Sea represents an area for exchange between Pacific and Atlantic oceans (Grotov et al. 1998 ) driven by the flow of the ACC. The lack of shelf and bottom water formation means that water temperatures are lower than in the adjacent Bellingshausen Sea, but warmer than Ross Sea waters (Thoma et al. 2008) . A westward coastal current dominates the current system of the Amundsen Sea shelf and slope. The coastal current is suggested to derive from the Antarctic Polar Slope Current, transporting cold waters from the Weddell into the Amundsen Sea (Grotov et al. 1998) . At the same time, the continental shelf of the Amundsen Sea is also periodically and unpredictably flooded by warmer Circumpolar Deep Water (Thoma et al. 2008) . In terms of productivity (Fig. 1b) the inner shelf of the Amundsen Sea lies under influence of two highly productive polynyas -Pine Island Bay Polynya and Amundsen Sea Polynya Yager et al. 2012 ) with further nutrients supplied by melting glaciers .
During the Austral summer of 2008, the RRS James Clark Ross collected extensive biological samples within Pine Island Bay for the first time, with sea-ice much reduced compared to normal conditions. The cruise sampled four different sites: BIO4 and BIO5 (an inner shelf area of complex and often deep topography near the Pine Island Glacier) and BIO3 and BIO6 (outer, open shelf and slope) . Three different depths (500 m, 1000 m, and 1500 m) were sampled at the BIO4, 5, and 6 sites, with multiple EBS deployments, ranging from 2 to 6. At BIO3 sites only the 500 m horizon was sampled, with 3 deployments. In total, 32 samples were collected from the Amundsen Sea (see Table 1 for details).
Field sampling protocol
All benthic samples were collected with epibenthic sledge (EBS) (Brenke 2005 ) during both cruises. Briefly, the EBS is a towed metal box consisting of two sampling nets and cod ends, the Bepi-net^that is towed just above the seafloor, and the Bsupra-net^which is just above the epinet, each with an opening of 100-cm width and 33-cm height. The mesh size of the nets is 500 μm and both nets end up in a cod end with a mesh size of 300 μm. The typical deployment procedure is to lower the device with the ship moving slowly ahead, once on the seafloor the EBS is hauled across the seabed at 1 knot for 10 min. The action of landing the EBS on the seafloor automatically opens doors to the nets, which close on recovery so limiting the sample to benthic and epibenthic fauna only. Disturbance of the seabed at the front of the device results in small fauna being entrained in the nets and captured in the cod ends. The main advantage of the EBS over coring devices is that large amounts of specimens are collected without significant quantities of sediment. However, the area sampled by this device cannot be established with great accuracy, making it a semi-quantitative sampler at best. On the BIOPEARL I cruise, all samples were fixed immediately in 96% ethanol and stored at −20°C (for DNA and morphology studies). On the BIOPEARL II cruise, a proportion of samples were fixed in 10% formalin (for morphology study only), with the formalin samples later being transferred to 80% ethanol, while some samples were taken for live sorting, photography and DNA fixation and preservation, following similar protocols to Glover et al. (2016) or simply bulk preserved in 96% ethanol and stored at −20°C. In the laboratory, all samples were sieved again on 300 μm sieves to remove residual mud before sorting and identification.
Laboratory sorting and identification
The large number of macrofaunal individuals recovered (59,500 from the BIOPEARL I and 205,429 from BIOPEARL II samples) resulted in a major sorting effort that took approximately four years to complete to class or family level. The macrofaunal sorting (including macrofauna-sized meiofauna such as ostracods and copepods) was completed in a collaborative way involving different institutes and different sorters (see acknowledgements). A total of around 19,500 polychaete specimens were gathered at the Natural History Museum Deep-Sea Systematics and Ecology Group research lab for final species-level identification. Other macrofaunal groups were also targeted during the BIOPEARL projects, with data for isopods ) and tanaids (Pabis et al. 2015a ) crustaceans already published. Molluscs were also analysed (Moreau et al. 2013 ), but their biodiversity analyses are as yet unpublished (Linse, personal communication) . The main taxonomist was first author (LN), supervised by AG, and two master students (see acknowledgements) supervised by LN and AG also contributed their unpublished data. No large-scale funding was made available for any of the postcruise sorting and identification, the entire operation was completed on small grants-of-opportunity and by volunteers, which also contributed to the length of time needed for completion of the sorting.
A specimen database was created and Leica MZ6 and DM5000 stereo and compound microscopes were used to identify polychaete specimens. Where specimens were fragmented, only head-bearing fragments were considered (counted and identified), which is a standard practice. Named species identification (where possible) was carried out using identification keys and original literature. Where a named species identification could not be obtained, the specimen was recorded as a morpho-species in a genus (e.g. Tharyx sp. A) or family (e.g. Ampharetidae sp. A). For every species found, a voucher specimen was erected. Images of these specimens were captured using a Zeiss V.20 and AxioCam HRc, and a Leica DFC 480 dedicated camera system connected to the DM5000. A voucher worksheet was created for a majority of such specimens, including a brief diagnostic description of the species and photographs. Voucher worksheets for some abundant species are being made available on the NHM Data Portal (http:// data.nhm.ac.uk/). We are aware that taxonomic and identification literature and faunal lists available for the Southern Ocean polychaete fauna are outdated and in need of an update. Some recent taxonomic studies targeting Southern Ocean polychaete taxa became available only after the morphological identification work for this study was completed and entered into the database (e.g López 2011; Schüller and Jirkov 2013; Blake 2015 Blake , 2016 . We have made our data and vouchers available for future study and revision in the light of these changes, which have no impact on the biodiversity comparisons in the results of this study. The identification of specimens to morphospecies was time-consuming due to the large number of specimens involved. Additionally, many specimens were damaged and fragmented (particularly those bulk-preserved directly in frozen 96% ethanol) sometimes preventing a reliable morphological examination. A separate study of DNA sequences from a selected sub-sample of BIOPEARL material was conducted, published separately (Brasier et al. 2016 ) (see further comments in discussion).
Data analysis
Data were assembled into a Microsoft Excel database and the final species list was converted into a DarwinCore file for upload as Supplementary Information and to the NHM Data Portal including vouchered specimen records. For consistency, a large number (∼2500) of polynoid juveniles (see Neal et al. 2014 for details) and undeterminable specimens were removed from the analyses, resulting in the final dataset of 16,991 specimens.
Community analysis The matrices of family level and species level data were constructed in MS Excel and the subsequent analyses were carried out with the software PRIMER W v. 6. 1. 6 (Clarke and Gorley 2006) . First, the efficiency of the gear was analysed using the species level data. With its two nets (the epinet and the supranet), the EBS was originally constructed to sample the epibenthos and suprabenthos separately (Brenke 2005) . However, a one way ANOSIM (R = 0. 13, P = 0.04) suggested that the two net samples were pseudo-replicates and were therefore combined and treated as one sample. Sampling with the EBS is only semi-quantitative (at best) and at Scotia Sea sites only single deployments per site were taken, while in the Amundsen Sea between two to six deployments were taken at each site (Table 1) , leading to different numbers collected from each sea-11,660 from the Amundsen Sea, but only 5331 from the Scotia Sea. Given variation in numbers collected, the most conservative presence-absence data transformation was used to examine polychaete community patterns between two seas, while 4th root data transformation, which takes a degree of abundance into account, was used to examine similarity of the fauna within each sea. The similarity analysis was carried out using calculation of Bray-Curtis index and visualization of results with nMDS plots (100 restarts).
As part of the data exploration, the data were first analysed with all samples separated (results not shown for clarity). The samples from the shelf depths (200, 300, and/or 500 m) in each sea were more similar to each other than to deeper samples from the same site. Therefore, in a secondary analysis (results shown), the samples were pooled per depth. In the case of Scotia Sea the samples from shelf depth were pooled as shelf (200, 300, and 500 m). Some samples collected from Scotia Sea deep sites suffered from low number of individuals in comparison to other sampled sites, not to other macrofaunal groups (see Table 4 for details) and were, therefore, pooled as slope (1000 and 1500 m). In the Amundsen Sea, the 500 m horizon was considered a shelf depth, consistently with the Scotia Sea. The samples from 1000 m and 1500 m deep trough sites on the inner shelf were considered a deep shelf , while the same depth horizons from open slope were considered slope depth, again consistently with the Scotia Sea. However, the greater number of individuals collected at deeper sites in the Amundsen Sea compared to Scotia Sea enabled us to keep depth horizons of 1000 m and 1500 m separated. The statistical significance of the obtained groupings was tested using one-way ANOSIM with either location (Amundsen versus Scotia Sea) or depth (shelf, deep shelf, and slope) as a factor. SIMPER analysis was used to identify species responsible for the similarity within and between obtained clusters.
Analysis of species diversity
The matrices of species level data were constructed in MS Excel and the subsequent analyses were carried out with the software ESTIMATE S (Colwell 2009 ). First, species accumulation curves were constructed to assess the completeness of the sampling effort. The curves were constructed for three different scenarios: 1) data from Amundsen Sea and Scotia Sea combined, 2) data from each sea kept separately (in accordance with clusters identified by nMDS analysis), and 3) data pooled per depth into Bshelf^and Bslope^of each sea (in accordance with clusters as identified by nMDS analysis and explained above). The concept of species diversity includes both species richness (the actual number of species) and the abundance. Local diversity was assessed by using the rarefaction approach (Sanders 1968) conducted on pooled samples (BIOPEARL II data) and data pooled into Bshelf^and Bslope^(200, 300, and 500 m = shelf; 1000 m and 1500 m = slope for BIOPEARL I data) to study species diversity patterns independent of sample size, although rarefaction is influenced by dominance (Gage and Tyler 1991; Gage and May 1993) . The decision to pool data was guided by the results from nMDS analysis and the fact that samples from the Scotia Sea were very Bpatchy^, and both seas differed greatly in a number of specimens collected. To supplement this approach, an individual based non-parametric species estimator of total species richness Chao1 was also calculated (Chao 1984) . The choice of individual based rather than samples based estimator was given by the nature of our data. At some sites only one or two samples were collected, with six samples being the highest number collected, such numbers are impossible or very low for any meaningful statistical analysis.
Results
Sampling intensity
A total of 16,991 polychaete specimens were examined from an approximate total of 19,500 polychaetes in the BIOPEARL macrofaunal sorting effort. From this, 307 morphospecies in 42 families were determined based on morphology. About 25% were identified to a named species while the remaining were designated as Bcf.^or morphospecies only, owing to poor specimen condition, lack of appropriate taxonomic references. In terms of sampling intensity, the pooled data show some evidence that the sites are approaching asymptote in terms of species numbers with the Amundsen Sea more exhaustively sampled than the Scotia Sea. However, the number of species is still increasing and the asymptote has not been reached, particularly in deep shelf and slope depths of both seas (Fig. 2b) , from which lower numbers of individuals were recovered.
Community analysis
Faunal similarity analysis between Scotia and Amundsen seas The analysis of species level data (nMDS plot, presenceabsence transformation (Fig. 3a) carried out on pooled samples clearly revealed two main clusters, which correspond to the two seas, Scotia and Amundsen Sea (ANOSIM: factor Location: R = 0.638, P = 0.1%), revealing a homogeneity (similarity) of Amundsen Sea data (points lie closely together on nMDS) and heterogeneity within Scotia Sea cluster (points more widely spread). SIMPER analysis of species data revealed average dissimilarity between two seas as high as 76.73%. At family level, the Scotia Sea was dominated by Syllidae and Amundsen Sea by Polynoidae. Further inspection of the nMDS plot for species-level data suggested that within each sea there was a clustering related to depth. Each dataset was, therefore, analysed separately to further investigate this pattern using species level 4th root transformed data.
It was noted that when analysed based on family data alone, no significant clustering between seas was observed (results not shown).
Faunal similarity within Amundsen Sea Further investigation of the pattern of faunal similarity showed that depth (rather than geographical proximity of the sites) is the main factor affecting faunal similarities. The nMDS analysis of Amundsen Sea data (Fig. 3b) clearly separated the shelf data from the deep-shelf/slope data (ANOSIM: factor Depth: R = 0.803, P = 0.1%), and the two-inner shelf trough stations BIO4 and BIO5 are more similar to each other at each depth horizon, while outer shelf stations BIO3 and BIO6 were also more similar to each other once the influence of depth was removed (Fig. 3b) . Species that drive the similarity within each cluster were identified by SIMPER analysis (Table 2) . Interestingly, three species were dominant in both shelf and deep-shelf/slope clusters: Glycera kerguelensis McIntosh, Faunal similarity within Scotia Sea The Scotia Sea species level data (Fig. 3c) showed much greater heterogeneity at a similarity of only 31.86% according to SIMPER analysis.
Depth was also the major factor structuring the polychaete assemblages, with shelf data separated from slope data (ANOSIM: factor Depth: R = 0.734, P = 0.5%). Besides the depth pattern, the Scotia Sea data were too heterogeneous to show any other patterns. The slope sites showed great dissimilarity not only from the shelves, but also from each other and could not be considered a cluster. This heterogeneity was likely due to undersampling (with only one replicate collected per depth) and was reduced by pooling the shelf depth sites (200 m, 300 m, and 500 m) as Bshelf^and slope depth sites (1000 m and 1500 m) as Bslope^. Shelves formed a loose cluster of average similarity of 30.79%. Species diriving this similarity were identified by SIMPER analysis, with most contribtion from following species: Laonice weddellia Hartman, 1978, Sphaerodoropsis parva (Ehlers, 1913), Exogone minuscula Hartman, 1953, and two morphospecies Prosphaerosyllis sp. A and Chaetozone sp. H. (Table 3 ). The isolated Southern Thule did not represent an Boutlier^in terms of species composition, suggesting ties to other shelves of Scotia Arc. Elephant Island and Livingstone Island, which lie close together and also represent a similar soft-sediment habitat, were very dissimilar in polychaete fauna at shelf depth. Interestingly, the faunal dissimilarity was also previously reported for macrobenthos analysed from Agassiz trawls collected during BIOPEARL I expedition to Scotia Sea . Similarly, close-lying South Georgia and Shag Rocks, affected by similar environmental conditions were dissimilar in faunal composition. In summary, three broad clusters were identified by nMDS: Amundsen Sea shelf, Amundsen Sea deep shelf/slope and Scotia Sea shelf, while Scotia Sea slope sites were too dissimilar from each other to consider them a cluster, as well as representing different assemblages from the shelves sites. The species that define these assemblages are summarized in Tables 2 and 3 and are illustrated in Fig. 4 .
Analysis of species diversity
Analysis of 16,991 specimens led to identification of 307 species in 42 families based on morphology alone. From the Amundsen Sea 11,660 specimens yielded 202 species, while from Scotia Sea a much smaller number of 5331 specimens led to a similar number of 190 species. The species diversity as measured by several indices across wide range of sites is summarized in Table 2 , and Figs. 2, 5-8. The results can be best described as fluctuating between different sites. Using the highest common number of individuals in order to incorporate all sites, we compared these at species richness ES (40) and higher, but less inclusive ES (600) ( Table 4 , Fig. 5-8 ). The analysis suggests that sites could be, relative to each other, classified as sites with Bhigh^biodiversity where ES (40) > 25, Bintermediate^, where ES (40) was 15-22.5 and Blow^where ES (40) < 15 (see Table 4 for summary). The values of 95% CIs was used to determine the statistical significance of these results and guide the biodiversity classifications (see Table 4 for summary of CIs values). These results were strengthened at greater samples size of ES (600), but only nine sites could be evaluated.
In the Scotia Sea, only few locations clearly stood out in terms of the biodiversity pattern. The shelf of Powell Basin was a site of relatively Bhigh^biodiversity with ES (40) = 25.45, while the disturbed environment of Southern Thule was considered having Blow^biodiversity with ES (40) = 12.46 and 11.35 for shelf and slope respectively (see Table 4 for values of 95% CIs). The supplementary approach using Chao 1 to estimate a total species richness at each site, however, muted some of these results suggesting shelves of South Georgia, Shag Rocks, and even Southern Thule may potentially harbour as many species as Powell Basin (see Table 4 for mean values and 95% CIs). The Amundsen Sea was more homogeneous in terms of the biodiversity patterns, with most locations falling into Bintermediate^classification (Table 4 ). The deep inner shelf trough sites had a slightly depressed diversity in comparison to outer slope.
Discussion Large-scale patterns in polychaete assemblages
Although restricted to a single taxonomic group-the polychaetes-our data represents one of the largest single identified collections of material from the Southern Ocean. As such, these data provide a useful opportunity to assess basic patterns in assemblage structure that may be driven by wide range of environmental variables. The most striking pattern is that the Amundsen and Scotia Sea support very different polychaete assemblages (Fig. 3a) , in keeping with previous published data on isopods and tanaids Pabis et al. 2015a) . Although both seas were dominated at a functional level by mobile predatory worms, these were different at the family level, with Syllidae dominating the Scotia Sea and Polynoidae the Amundsen Sea.
Separate analysis of Amundsen and Scotia Seas sites show strong structuring by depth, which in general terms, has been a long-recognized factor structuring marine communities (e.g. Gage and Tyler 1991; Rex and Etter 2010) . However, in the Southern Ocean, increased eurybathy in some invertebrate groups has been documented, at least when compared to temperate shelves (Brey et al. 1996) , while polychaetes are generally considered to have a wide bathymetric distribution even in lower-latitude environments. Trends toward increased eurybathy in Southern Ocean have been interpreted as an adaptation to survival in deeper water during glacial maxima (Brey et al. 1996) . While some polychaete species may show wide bathymetric distribution (Table 2) , the data presented here show that depth is an important environmental factor that defines the polychaete assemblage composition. It is likely that current local environmental conditions may mask previously reported patterns such as extended eurybathy. Alternatively, from an evolutionary perspective, a strong faunal dissimilarity between shelf and slope fauna, such as reported here could suggest that species were more likely to survive the glacial periods in shelf refugias, rather than migrating into deeper waters. Barnes and Kuklinski (2010) showed a similar pattern in the Weddell Sea shelf bryozoans, which were more similar to fauna of other Antarctic shelves than to those on adjacent Weddell Sea slope.
In contrast to our findings, Montiel et al. (2005) , Hilbig (2004) and Hilbig et al. (2006) showed wider depth ranges at species level for Magellanic and Southern Ocean (Weddell Sea) polychaetes. Brandt et al. (2009) analysed the bathymetric depth ranges at polychaete family level within 100 m depth bins, showing that most families were spread over several thousand meters, although, species-level data may be more appropriate to assess depth zonation. Kaiser et al. (2011) showed that many isopods in the Southern Ocean were restricted to slope depths with a possibility of the existence of a unique Southern Ocean slope fauna, Recently, tanaid data from the Ross Sea suggested the presence of a distinct slope fauna and strong structuring of tanaid assemblages by depth (Pabis et al. 2015b ). The use of DNA techniques for taxonomic purposes has revealed the existence of cryptic species in Southern Ocean fauna (e.g. Barnes et al. 2011) , including polychaetes (Schüller 2010; Neal et al. 2014; Brasier et al. 2016 ). Some eurybathic species may in fact be species complexes, with restricted depth ranges, contradicting the extended eurybathy hypothesis, as already demonstrated for Glycera kerguelenis McIntosh, 1885 (see Schüller 2010) .
The Amundsen Sea. Detailed analysis of the Amundsen Sea sites shows a strong structuring by depth (Fig. 3b) . In all depth Fig. 4 Images of polychaete species driving similarity and dissimilarity of assemblages as identified by SIMPER analysis (see Tables 2 and 3 ). Images are of preserved specimens, but for some specimens live images were also available (inset, unless stated otherwise). All scale bars are 1000 μm, all scale bars refer to preserved specimens. bins (500 m, 1000 m, 1500 m), the polychaete assemblages of inner shelf sites were more similar to those of the outer shelf/ slope separated by distance of ∼400 km, rather than to assemblages from different depth horizons at the same sites. Only once the influence of depth is removed the geographical proximity becomes apparent with inner shelf troughs sites (BIO4 and BIO5) being more similar to each other than the sites on the outer shelf/slope (BIO3 and BIO6). This pattern is consistent with findings for Amundsen Sea macrofauna ) and macrobenthic molluscs (Linse, personal communication) , suggesting that despite the similarity of deep inner shelf troughs with the adjacent continental slope, these do represent distinct communities.
Given such a strong pattern at different taxonomic levels and for different components of benthic fauna, it is likely that there is a common explanation. Thoma et al. (2008) showed that there is an intrusion of the Antarctic Circumpolar Deep Water onto the inner shelf of the Pine Island Bay. It has been suggested that this intruding water mass connects the shelf troughs with deep water and may be supplying the Pine Island Bay troughs with deep-sea species Riehl and Kaiser 2012; Linse et al. 2013 ). Riehl and Kaiser (2012) also showed genetic homogeneity of recentlydiscovered isopod Macrostylis roaldi across a broad bathymetric and geographic range within the sampled Amundsen Sea area. These observations together with data reported here, support the notion of high connectivity between the inner Amundsen Sea shelf troughs and the adjacent continental slope spanning distances of around 400 km. Further support of deep-sea links can be seen in the taxonomic composition of polychaetes. Several abundant species of Polynoidae found on the shelf were representatives of the deep-sea subfamilies Macellicephaloidinae and particularly Macellicephalinae (Neal et al. 2012; Brasier et al. 2016) . At 500 m, our Amundsen Sea record of Macellicephaloides sp. n. represents the shallowest record of this otherwise abyssal to hadal genus to date (Pettibone 1976) .
Within the topographically complex Pine Island Bay shelf, the strong polychaete depth zonation is accompanied by changes to functional groups. In the similarly deep east Antarctic George V Trough a strong zonation pattern was also noted, albeit at macrofaunal level (Beaman and Harris 2005 ). An observed gradient from suspension to detritus to deposit feeders mirroring the changes in substrate type was likely explained by weakening of the currents inside George V Trough with increasing depths. However, the macrobenthos of Pine Island Bay troughs was dominated by echinoderms across all depths ) and soft sediments dominated all sampling sites. Functionally and ecologically diverse polychaetes have representatives among all feeding groups, even though our chosen sampling apparatus (EBS) was more likely to collect the epibenthic highly mobile, predatory subset of the polychaetes. Although the suspensionfeeding sabellid Jasmineira cf. macrophthalma Ehlers, 1913 was relatively abundant at BIO5-500 m trough site, generally the polychaete fauna was dominated by motile predators/ detritus feeders (mostly Polynoidae, Glyceridae, Hesionidae and Nephtyidae) and deposit feeders (Acorcirridae, Spionidae, Ophellidae and Fauveliopsidae). An interesting functional split can be seen in trough sites where deposit feeders were dominant alongside motile predators/detritivores in 500 m horizons, but the deeper sites were entirely dominated by the latter group with a notable absence of deposit feeders. On the open slope at similar depth, the deposit-feeders were still present.
As already hinted earlier, the taxonomic novelty of polychaetes within the previously unsampled, geographically large and topographically complex Amundsen Sea was high. Data published for isopods showed the rate of discovery of new species from the Amundsen Sea shelf equals the deep sea Riehl and Kaiser 2012) , while Pabis et al. (2015a) revealed a large number of new tanaid species, particularly in the deep trough sites. The current level of identification for polychaetes enables a preliminary estimate of up to 55% of species are previously undescribed. The best estimates are currently available for the Polynoidae, which were not only the most abundant, but with 23 species also the most species rich of polychaetes collected. At least seven polynoid species (about 30%) are new to science and currently under description, with some descriptions already published (Neal et al. 2012) .
Although there is a high percentage of species new to science in the Amundsen Sea, not all are likely to represent an endemic fauna. Several of the new Polynoidae species are shared with the deep Weddell Sea, when compared with material from the ANDEEP expeditions (Neal, personal observation) and similar assessment was made for Ampharetidae (Schüller, personal communication) . Other known species with wide, even circumpolar distribution such as Austrolaenilla antarctica Bergström, 1916 , Austrolaenilla pelagica (Monro, 1930 , Glycera kerguelensis McIntosh, 1885 complex, Harmothoe fuligineum (Baird, 1865), Laonice weddellia Hartman, 1978, Euphrosinella cirratoformia (Averincev, 1972), and morphospecies Hesionidae sp. A also form an important component of Amundsen Sea polychaete fauna. It is important to re-iterate that these conclusions are currently drawn from morphological data only. The molecular work on polychaetes in the Southern Ocean to date has been very limited (Riesgo et al. 2015) , but Schüller (2010) already demonstrated that Glycera kerguelensis is in fact a complex of cryptic species. This finding is relevant to data presented here as Glycera kerguelensis (as established by morphological examination) was abundant at all depth horizons in the Amundsen Sea. Neal et al. (2014) suggested that a haplotype of Austrolaenilla antarctica from South Georgia may represent a different species to those from the Amundsen and Weddell Seas, while a wide geographic range of Austrolaenilla pelagica between the Amundsen and Ross Seas has been shown. The biogeographic and bathymetric patterns in polychaete morphospecies targeted by Brasier et al. (2016) are currently being investigated further (Brasier, personal communication) .
The Scotia Sea. Although the analysis of faunal similarity (Fig. 3a) revealed an existence of a cluster that could be labelled as BScotia Sea^in comparison to Amundsen Sea fauna, this cluster is very loose and similarity rather low (around 31.86%). As in the Amundsen Sea, depth was also the main factor structuring polychaete assemblages. In general, the shelf fauna across different islands sampled was more similar than fauna on the adjacent slope within the same site. However, it is important to stress that sampling at each island was rather limited, with only one epibenthic sledge collected per depth horizon and results should be interpreted with caution as these may in fact be an artefact of undersampling (Fig. 2b) .
The sites that were most similar to each other at shelf depth, were not necessarily sites geographically nearest to each other, or similar in geological history or sediment type (e.g. Shag Rock and South Georgia or Livingstone and Elephant Islands). Interestingly, the faunal dissimilarity for close lying, soft-bottomed Elephant and Livingstone Islands was also previously reported for macrobenthos analysed from Agassiz trawls collected during BIOPEARL I expedition . The most Bunique^location: very remote, tectonically active, and geological young Southern Thule did not form a separate cluster. Instead its shelf fauna was to some degree similar to the shelf of South Georgia. One explanation for the patterns observed (albeit tentatively due to undersampling) lies in the ocean currents. For example the strong dissimilarity between Shag Rocks and South Georgia has also been reported for other taxa and at different taxonomic levels (López de la Cuadra and García Gómez 2000; Barnes 2008; Pabis et al. 2015a ) and restricted gene flow between these two islands was demonstrated for octopus Pareledone turqueti (Allcock et al. 1997) . Such observations could be explained by the currents within a deep channel forming a dispersal barrier between Shag Rocks and South Georgia. In the case of Southern Thule, a strong affinity with other archipelagos of the Scotia Arc has been previously reported (e.g. Kaiser et al. (2008) suggested this might be a result of passive drifting of organisms due to the West Wind Drift or Weddell Gyre especially for groups with planktonic larvae, such as many polychaetes.
While each island in Scotia Sea may represent a distinct polychaete fauna, this is not necessarily a case of endemism and radiation as seen in the distribution of low-dispersal tanaids (Pabis et al. 2015a ) and other benthic macro-and megafauna (Griffiths 2010) . In fact, many of the polychaete species collected across Scotia Sea are otherwise widely distributed in the Southern Ocean. This conclusion is currently based on morphological evidence alone and may be re-assessed with molecular data (Brasier, personal communication) . For example using molecular approach, Linse et al. (2007) already demonstrated support for reproductively isolated populations of bivalve Lissacra notorcadensis across islands of Scotia Arc.
Among the most dominant polychaete fauna were species with known circumpolar distributions (many also abundant in the Amundsen Sea) such Harmothoe fuligienum (Baird, 1865), Laonice weddellia Hartman, 1978, Hesionidae sp. A, Exogone heterosetosa McIntosh, 1885, Orbiniella uniformis Hartman, 1967, Euphrosionopsis antarctica (HartmannSchröder & Rosenfeldt, 1992), or Paradiopatra antarctica (Monro, 1930) . Anobothrus cf. patagonicus (Kinberg, 1866) was abundant on the shelf of South Georgia, mirroring its close position to the South American continent. Aurospio foodbancsia, described only recently from the West Antarctic Peninsula (Mincks et al. 2009 ) has had its range expanded by this study with records from the Amundsen Sea and the slopes of Elephant Island and Southern Thule.
Unlike the polychaetes of the Amundsen Sea, the Scotia Sea fauna tends to be taxonomically relatively well known at least at shelf depth. However, deeper waters may yield species new to science as already demonstrated by Kuklinski et al.'s (2009) work on bryozoans. For example, one of the new species collected in the Amundsen Sea, currently assigned to morphospecies Prionospio sp. B, was also abundant on the slope of the Elephant Island. All polychaetes collected during the BIOPEARL I cruise were fixed in ethanol offering for the Southern Ocean a still-rare opportunity for future molecular studies in general and those of polychaetes in particular (Grant et al. 2011; Riesgo et al. 2015) . Such studies will be of interest not only to taxonomy, but to evolutionary questions such as the role of glacial periods, as patterns observed here suggest that species were more likely to survive in shelf refugias, rather than migrating into deeper waters, given the dissimilarity between shelf and slope polychaete fauna.
Large-scale patterns in polychaete species diversity
Morphology versus molecules The polychaete species diversity presented here is based on morphological identification and is not able to account for crypsis or Bmissing charactersd ue to damage of specimens. Polychaetes are prone to fragmentation and most worms were posteriorly incomplete, many polynoidae were missing their scales and it was not practical to dissect jaws and proboscis in many, particularly small specimens. A large number of specimens were also revealed to be juveniles, which can show very different morphology from their adult counterparts (Neal et al. 2014 ), but knowledge of such developmental stages of Southern Ocean polychaetes is very rare. Recently Brasier et al. (2016) published molecular results on subset of 16 morphospecies from this study, leading to the addition of extremely valuable and rare molecular data for Southern Ocean polychaetes. Out of the 16 species examined, eight were found to contain cryptic species. Whilst 16 species examined out of a total of 307 total morphospecies from the initial morphological sorting is only a small proportion (5%), this was still the largest study of cryptic speciation in deep-sea, as well as Southern Ocean polychaetes to date. It is clear that species diversity may be still much higher when genetic evidence is presented. The study also highlighted several species that were considered sound morphological species, but some specimens were occasionally overlooked during the initial morphological examination and only secondarily detected after the molecular work was complete. The authors would like to point out that these taxa are present in the large dataset presented here and are not missing, which could potentially be interpreted from the results presented in Brasier et al. (2016) . The sorting of over 16,000 polychaete specimens is likely to lead to some oversights, highlighting the usefulness of genetic work as an error-check on morphological work, as well as uncovering true undetected species.
Regional comparisons Currently, there are about 700 polychaete species known from the Southern Ocean (De Broyer and Danis 2011) . This means that based on collective effort from just two cruises (n = 16,991 included in the species-level analysis) we have recovered just under half of the current species richness (S = 307) for the entire Southern Ocean. However, it is important to stress that much of the contribution to this species richness, (particularly in the Amundsen Sea) comes from new, undescribed species. Throughout the identification process, there was a concern that some species that key out to taxa considered cosmopolitan or circumpolar may be Bcryptic^species as already discussed (Neal et al. 2014; Brasier et al. 2016) . Therefore, the 307 species reported here must be an under-representation of the total polychaete species diversity. The species accumulation curves are still rising, albeit slowly for the shelf sites, (Fig. 2) supporting the idea more species are yet to be discovered from the sampled area, particularly from deeper sites, which were poorly sampled (Table 4 , Fig. 2b) . A similar number of polychaete species was recovered from each sea, 190 for the Scotia Sea and 202 for Amundsen Sea, although the number of polychaete specimens from Amundsen Sea was more than double that of Scotia Sea. Given that the Scotia Sea samples represent a mosaic of different sites, while the Amundsen Sea is a more homogeneous environment, the higher number of species for sampling effort in the Scotia Sea is not surprising. Only around 24% of taxa were shared between the two seas, which is slightly higher than the finding of 17% shared isopods species from shelf depths of both seas ).
In wider comparative terms, it is difficult to assess these numbers given the variety of sampling devices used in the past, and the different spatial and bathymetric scales of sampling. Many previous Antarctic benthic projects have used coring devices, which may only have a low degree of species overlap with EBS samples (Hilbig 2004) . Only the ANDEEP expeditions have previously used EBS to study polychaetes, concentrating on the slope and abyss (711-3488 m) of the Weddell Sea and resulting in the collection of 10,529 polychaetes and 241 species, many new to science ). Our data from each sea are thus broadly similar in terms of species richness. However, most polychaetes specimens collected during BIOPEARL expeditions were collected from shelf depths (even though slope depths were also targeted) and here only comparisons with previous coring studies are possible. At a large scale (i.e. in terms of the entire Amundsen or Scotia Sea) the number of species collected respectively are rather impressive. The richness of polychaetes species previously reported for the whole of Ross Sea is 146 (Knox and Cameron 1998) while at single bay scale Gambi et al. (1997) reported 77 species from 5768 individuals of polychaetes collected at Terra Nova Bay. Montiel et al. (2005) recorded 199 polychaete species in the Magellan region and 163 in the Weddell Sea, while Hilbig et al. (2006) reported 235 polychaete species from the EASIZ II expedition to Weddell Sea, based on 151 core samples taken between 120 and 2415 m depth. A study of the deep Atlantic sector of the Southern Ocean using core samples found 175 polychaete species (Ellingsen et al. 2007 ). The recent update on the state of knowledge of biodiversity from Admiralty Bay, South Shetlands based on more than 3 decades of investigations reported the presence of 162 polychaete species (Sicinski et al. 2010) . Two smaller scale datasets available from the Bellingshausen Sea (a region adjacent to both Scotia and Amundsen Sea), reported similar results with 77 species based on 1328 polychaete specimens recorded by (Parapar et al. 2011 ), while Neal et al. (2011 reported 78 species identified from 1035 individuals.
Diversity comparisons within the Amundsen and Scotia seas
The polychaete species alpha and beta diversity as measured across wide range of sites in the Amundsen and Scotia Seas (Table 4 , Fig. 5-8 ) can be at best described as widely fluctuating. We decided to classify sites based on their relative species diversity and estimated total species richness into sites with Bhigh^, Bintermediate^, and Blow^biodiversity (Table 4) .
Sites with high biodiversity Only one site stood out in terms of number of species, with the highest estimate of species richness (98 species from 1132 individuals, see also Table 4 , Fig. 5 ): the Powell Basin shelf in South Orkney Islands (SOI), Scotia Sea. The SOI are an ancient micro-continental fragment, bordering the Scotia Sea and the Weddell Sea, which is likely of significance for biodiversity, particularly the influence of Weddell Sea gyre, which keeps SOI colder than expected for their latitude (Clarke and Leakey 1996) . Our findings are in agreement with results from a large-scale biodiversity assessment ) that reported 1026 marine species from SOI, 822 of them benthic. A study limited to isopods also documented high diversity in this region (Brandt et al. 2007a (Brandt et al. , 2007b . High diversity reported across different benthic taxa, led in part to the establishment of Marine Protected Area (MPA) south of SOI. Data on polychaetes from this region are rare, thus our findings showing unequivocally high richness of this important component of benthic fauna are of relevance to a future conservation strategy for this region. Additionally, Barnes et al. (2016) reported high carbon Bimmobilization^by benthos (bryozoans) at SOI, which suggests that benthos of this area is not just biodiverse, but also potentially important in terms of ecosystem services.
Sites with intermediate biodiversity In the Amundsen Sea, diversity varied across the sites and depths, but overall, the Amundsen Sea appears to support diverse assemblages of polychaetes, with most sites falling within what we term Bintermediate^biodiversity. Deep sites in particular harbour taxa new to science enhancing not only the Amundsen Sea diversity, but also the overall diversity of the Southern Ocean. The inner trough sites, appear to have slightly depressed diversity in comparison to the outer shelf, mostly owing to large populations of polynoid worms, particularly Harmothoe fuligineum and Austrollaenila antarctica (both adults and juveniles) at 500 m depth horizons.
In the absence of detailed sample-specific environmental variables, we can only speculate on factors enhancing the biodiversity in the Amundsen Sea. Firstly, its shelf is large, spanning more than 400 km. With the intrusion of Antarctic Deep Water on the shelf giving the Amundsen Sea a deep-sea character in species composition it is possible that the mixture of shelf and deep-sea species found together enhances biodiversity. Further, at the inner Pine Island Bay, the shelf is topographically complex, which may lead to a variety of microhabitats. The evidence for this could be potentially seen from different functional groups supported by different environments (see assemblage discussion).
In some areas of the Amundsen Sea, enhanced productivity might have a positive effect of biodiversity owing to the ability for the site to support larger populations. However, productivity at high levels can also depress biodiversity (e.g. Rosenzweig and Abramsky 1993) . This may be the case at the inner shelf sites BIO4 and BIO5, which have enhanced productivity thanks to their proximity to the Pine Island Polynya (Fig. 1b) Yager et al. 2012) . Large numbers of polychaetes (see Table 4 ) were collected here, making these sites the most completely sampled BIOPEARL sites (Fig. 7) . It is likely that dominance rather than low number of species reduce diversity estimates at these sites as result from Chao1 (Table 4) suggest high overall species richness. The dominance comes from the build-up of populations of two deposit feeders in the BIO5 site, the acrocirrid Flabelligena sp. A and opheliid Ophelina abranchiata. The large populations of deposit feeders suggest an accumulation of sediment and food. These shelf troughs could be considered analogous to submarine canyons, which can have depressed diversity due to high dominance in turn explained by organic enrichment (e. g. Paterson et al. 2016; Gunton et al. 2015) . In fact, Ophelina abranchiata has been found to dominate polychaete communities in the canyons on Iberian margin (Paterson et al. 2016) and Whittard canyon in NE Atlantic (Gunton et al. 2015) . Finally, many polychaetes collected from trough sites were juveniles (Neal et al. 2014 ), suggestive of recent recruitment, likely as a result of food availability as oligotrophic outer shelf sites did not show such a trend.
In the Scotia Sea, the Shag Rocks (shelf) and South Georgia (shelf) were also found to be of intermediate diversity, with ES(40) values of 17.53 and 18.33, respectively, albeit at the higher end of this range. Whilst the composition of polychaete fauna of these two localities was rather different (Fig. 3c) , the species richness of the shelves of Shag Rocks and South Georgia was similar (S = 67/72, respectively), with approximately 700 individuals collected at each site (Table 4) . The shelves of both South Georgia and Shag Rocks, were labelled biodiversity hotspots in previous investigations Barnes 2008; Hogg et al. 2011 ), while our results support this trend, we found lower diversity compared to SOI, at least for polychaetes. However, the Chao 1 estimate (Table 4) does support high total species richness, comparable with SOI. A compilation of data by Hogg et al. (2011) showed that the shelf above 700 m is one of the most species-rich regions of the Southern Ocean with rare and endemic benthos comprising the majority of 1445 species known to date. This richness in benthos around the South Georgia archipelago has been highlighted as one of priorities with respect to conservation and the establishment of MPA (Trathan et al. 2014) . Therefore, the dataset on polychaetes provided here further strengthens the existing findings and rationale for the placement of an MPA.
Both islands are geologically old and it is possible to speculate that this permitted high species richness to evolve. Of the current ecological conditions, both shelves are less exposed to winter sea ice-cover, less iceberg scouring and, therefore, disturbance than locations further south. Both islands are the nearest links to the shelf of South America and, therefore, they represent a first meeting point for temperate species extending their ranges south as already seen in non-indigenous terrestrial species (Frenot et al. 2005) . As a result, biodiversity could be enhanced by being a meeting point of biota from two regions, South American (Magellan) and true Southern Ocean Hogg et al. 2011) . Indeed, the most common polychaete species found on the South Georgia shelf (at 200 m station) was Anobothrus cf. patagonicus suggesting linkages to South America, while the other was the highly mobile polynoid Harmothoe fulgineum with a circumpolar distribution, demonstrating links to the Southern Ocean. Importantly for Southern Ocean fauna, this is also a location where the Polar Front reaches its northernmost range with temperature reaching up to 4°C in the summer (Holeton et al. 2005) at least in shallow shelf depths, representing the temperature extreme that the current fauna is living in. This is of relevance to predicted rises in regional sea temperatures and ability of most Antarctic ectotherms to cope (Peck et al. 2010 ). More broadly, on a regional level, Ingels et al. (2012) suggested variable, taxon-specific responses to environmental changes resulting in shifts in diversity, dominance, and trophic group composition with likely consequences for ecosystem functioning.
Elephant Island (shelf, S = 44) and Livingstone Island (shelf, S = 49) are another example of sites which despite their geographical proximity support different polychaete assemblages, but similar diversity and species richness. The comparison is enhanced by the fact that a similar number of individuals (ca 350-400, see Table 4 ) were collected at these sites. On the slope of Elephant Island our data suggest that slopes could in places be as diverse as shelves (Table 4) . Despite the similar soft-sediment environments at Elephant and Livingstone Islands, which would be expected to provide good conditions for polychaetes, the species richness was at the lower end of Bintermediate^range. It could be argued that collection effort is still rather low, but the results from other polychaete studies from South Shetland Islands corroborate these results. For example, using grab samples from Livingstone and Deception Island San Martín et al. (2000) recovered 3700 specimens of polychaetes belonging to 89 species. Pabis and Sicinski (2012) collected grab samples at Admiralty Bay, South Shetlands and found 76 polychaete species in depths ranging from 200 to 500 m. Comparative analysis by Neal et al. (2011) also showed Admiralty Bay to have a depressed diversity similar to that of species-poor Arctic shelves, although depending on a choice of comparative Arctic site, these results can vary (see Pabis et al. 2015c ). There are 162 species known polychaete species from Admiralty Bay based on summary of more than 30 years of research in this area (Sicinski et al. 2010 ).
Sites with low biodiversity
Within the already-extreme environment of the Southern Ocean small, isolated and seismically-active islands present even more difficulties for the colonization by fauna. One such example are the South Sandwich Islands in the Scotia Sea. These are geologically young (Dayton 1990) , very remote and surrounded by deep waters. The volcanic islands of the South Sandwich archipelago are seismically active even today (e.g. Leat et al. 2003; Patrick et al. 2005) . These extreme and highly dynamic environmental conditions result in debris flow deposition, high sedimentation rates and high primary production (Vanhove et al. 2004; Patrick et al. 2005) . All factors together represent challenges to faunal colonization on both ecological and evolutionary timescales.
One location of South Sandwich Islands sampled during BIOPEARL I expedition was Southern Thule. Samples were taken at shelf depths (300 m and 500 m) and slope depths (1000 m and 1500 m). Extreme and disturbed environments are often characterized by high dominance of either opportunist or specialist species, which can locally achieve high densities and reduce the overall biodiversity (Gray 1989) . The patterns in diversity of polychaete species indeed corroborate this expectation (see Fig. 5-8, Table 4) . Southern Thule was shown to have high levels of dominance in all depth horizons (especially at slope depths), making this a site of Blow^biodiversity. The highly dynamic, narrow, steep, and gravitationally unstable shelf of Southern Thule is dominated by mobile predatory species of Syllidae, whilst the deeper slopes are home to large populations of deposit-feeding opportunistic Spionidae.
Other studies conducted in Southern Thule have shown a similar pattern for other taxa and found impoverished diversity for isopods (Brandt 1991) , bryozoans (López de la Cuadra and García Gómez 2000; Moyano 2005 ), bivalves and gastropods (Zelaya 2005; Linse et al. 2006) , and malacostracan crustaceans , suggesting that the local environmental conditions exert a strong influence on all benthos. However, the large number of rare species (singletons) taken into account by the Chao1 estimator suggest that total species richness of Southern Thule shelf could ultimately be high for polychaetes (Table 4) making it in fact a potentially high biodiversity site if future sampling effort was increased.
Conclusions
The Scotia and Amundsen Seas support distinct polychaete assemblages with depth shown as the main factor structuring these assemblages in both seas, countering the prevalent notion of extended eurybathy of the Southern Ocean benthos. The previously-unsampled Amundsen Sea is shown to be diverse, harbouring many species new to science. Polychaete fauna of the inner shelf of the Amundsen Sea has also been shown to be deep-sea in character, likely due to intrusion of Circumpolar Deep Water onto shelf. Both seas are spanning regions with Bhigh^, Bintermediate^, and Blow^biodiversity, with some sites undersampled (particularly those from deeper waters), broadly in line with overall Bintermediate^levels of biodiversity when compared globally. In the Scotia Sea, polychaete data support the notion of high biodiversity of waters around South Orkneys (Powell Basin), South Georgia and Shag Rocks, all areas selected for environmental protection. The extreme environment of Southern Thule has biodiversity suppressed owing to high dominance by few species, but overall this area could be high in species richness if sampling effort was increased. Finally, BIOPEARL samples represent one of the largest single collections of benthic fauna in the Southern Ocean undertaken with comparative sampling methods. The fact that the raw data is made available and a significant proportion of the material has been preserved for molecular studies (see Supplementary Information, DarwinCore Archive, http://dx.doi.org/10.5519/ 0068114) renders these samples very valuable for current and future research addressing questions of circumpolarity, genetic connectivity, faunal survival strategies during the past glacial periods, as well as the origins of the Southern Ocean fauna.
